Introduction. Among different fruit species, aronia have attracted a great attention because of its wide range of protective effects with potential benefits for human health. Furthermore, the consumption of products of aronia (juice, tea, berries) is becoming a part of a healthy lifestyle. Materials and Methods. The multi-element characterization of products of aronia has been carried out using inductively coupled plasma atomic emission spectrometry (ICP-AES). Results and Discussion. Among the major elements, the most abundant are K, Ca and P, followed by the Mg and Na. Fe, Zn, Mn, Cu, Bi and Si are the most abundant among the microelements. In terms of heavy metals (As, Cd, Pb), it can be concluded that the concentrations of them are below permissible levels (PLs) prescribed by national legislation in all samples. The chemometric techniques of principal component analysis (PCA) and cluster analysis (CA) were used to differentiation of products aronia according to their metal content. The application of PCA and CA was resulted in two clusters with similarities in the mineral composition. The first cluster includes tea bag samples (T1-T6). The second cluster includes berries (B1, B2), juices (J1-J4) and leaves (L). Conclusion. Data obtained in this study showed that analyzed products are potentially a rich source of some dietary metals such are K, Ca, P, Mg, Na, Fe and Zn. Obtained results could be also used as selection criteria for further use of products of aronia as a part of conventional diet.
Introduction
Siberian blueberry or black chokeberry (Aronia melanocarpa [Michx.] Elliot genus Aronia, subfamily Maloideae, family Rosaceae) is a berry that looks like a blueberry. The homeland of the plant is North America, however, because of its resistance to low temperatures is named the Siberian blueberry. Black chokeberry well tolerates winter frosts down to −47 • C. It grows as a shrub, and can reach a height of about 2 m. The edible and medicinal part of the plant is a fruit that is more sour than blueberry. North American Indians consumed aronia as dried fruit or by grinding and combining it with meat or sweet bread. The fresh fruit is most often used as a cure for stomach problems, and chokeberry tea leaves for healing wounds [1] .
A. melanocarpa contain a very large complex of chemical compounds. Many researchers are examining the chemical nature and activity of natural antioxidants in this fruit. Their berries are one of the richest plant sources of phenolic phytochemicals, including procyanidins and anthocyanins. The total content of organic acids is relatively low compared to other berries. The principal ones identified as malic acid and citric acid [2] . Other phenolic acids, including chlorogenic and neochlorogenic acid are present in small amounts [3] . All of these compounds are responsible for the antioxidant properties of this fruit. It is therefore, a useful preventive against cancer and effectively cleanses the body of harmful substances, heavy metals and radioactive elements. Also, aronia contains vitamins such as C, A, E, B2, B6 and B9. In addition, chokeberry contains fructose and sorbitol [4] [5] [6] [7] [8] . Among the minerals the most abundant are calcium, potassium, iron, molybdenum, manganese, phosphorus and iodine. The mineral content of fresh berries was found to be 440 mg 100 g −1 [9] and 580 mg 100 g −1 [10] . The aronia juice showed relative high average amounts of potassium and zinc [5] . Contents of heavy metals in fruits of chokeberry may change depending on harvest site and vegetation period [11] . Consumption of food containing heavy metals during a short period of time can cause digestive problems like constipation, vomiting, weight loss, abdominal pain, behavior change, anemia, lethargy, as well as, high blood pressure, nerve disorders, memory and concentration problems [12] [13] [14] .
Multi-element analysis can be a very valuable tool in the characterization of foodstuffs. Aronia is a rich source of minerals. Current scientific literature lacks the data on its mineral content. In addition to this, there is only one study about minerals content of this fruit [5] . Also, there is no available data on the element content in products of aronia. There are many different products of aronia widely consumed in our daily diet worldwide. Because of this, it is important to determine their nutrient composition as well as levels of potentially toxic elements so that their effect on human health can be understood. It is also important to try to elucidate whether or not there are any relationships between different products of aronia. Therefore, the first objective of this study was to determine the content of macro elements, as well as of micro-element in products of aronia in order to verify the quality of the composition in the same. For this purpose, the atomic emission spectrometry with inductively coupled plasma as an excitation source (ICP-AES) was used. The second objective was to apply the chemometric techniques of principal component analysis (PCA) and cluster analysis (CA) to results obtained from the atomic spectrometric analysis to characterize and differentiate the studied products of aronia.
Materials and methods

Instrumentation
All analysis was carried out on iCAP 6000 inductively coupled plasma optical emission spectrometer (Thermo Scientific, Cambridge, UK) that uses an Echelle optical design and a change injection device solid-state detector. The operating conditions for the ICP-AES instrument were: flush pump rate 100 rpm, analysis pump rate 50 rpm, RF power 1150 W, nebulizer gas flow rate 0.7 L min −1 , coolant gas flow rate 12 L min −1 , auxiliary gas flow rate 0.5 L min −1 , dual (axial/radial) viewed plasma mode and sample uptake delay 30 s.
The emission wavelength, the detection (LOD) and quantification (LOQ) limits and the correlation coefficients of the calibration curves for the elements studied are given in table I.
Reagents
Ultra-scientific (USA) ICP multi-element standard solutions of about 20.00 ± 0.10 mg L −1 were used as a stock solution for calibration. The plastic containers used for storing the samples were cleaned to avoid contamination of the samples with traces of any metals. Containers were treated with 20% nitric acid and washed with ultra-pure water 0.05 μS cm −1 (MicroMed high purity water system, TKA Wasseraufbereitungssysteme GmbH). Nitric acid (65%), perchloric acid (Merck) and hydrogen peroxide (30%) (Fluka, Buchs, Switzerland) are both of analytical grade.
Samples
Thirteen of commercially available aronia product samples, berries (B1, B2), leaves (L), juices (J1-J4) and filter bag teas (T1-T6), were purchased at local markets in Serbia.
Sample preparation
Tea, berry and leaf samples
Samples were mineralized according to a modification of the Kara method [15] as follows: an appropriate amount of aronia products (2 g) was weighed accurately and transferred in acid washed porcelain crucibles, heated gradually and maintained at 250 • C for 2 h and fired at 450 • C for 16 h in a muffle furnace. The ashes were then treated with 5 mL concentrate HNO 3 , evaporated to dryness on a steam bath and returned to the furnace at 450 • C for 1 h. The resulting ash was than treated with 5 mL concentrate HNO 3 , filtered and transferred to a 25 mL volumetric flask. Solution had been rinsed with 0.5% HNO 3 .
Juice samples
Five mL of aronia juice was poured with 40 mL of 65% nitric acid. The mixture was heated in a sand bath for one hour at 150 • C. Then 1 mL of 70% perchloric acid was added and heated for another hour. When cool, 40 mL water was added and drained through quantitative filter paper (black and white stripe) in a 50 mL flask and filled up with deionized water to the mark.
Validation
The validation process of the measurements, based on ICP-OES technique, involved the linearity of the calibration curve, detection (LOD) and quantification limits (LOQ) (table I). Certified reference material supplied by The China National Analysis Center for Iron and Steel, Beijing, China (NCS ZC73036), was analysed in order to check the accuracy of the instrument. Samples were handled according to the supplier's specifications. Linearity was assessed by the correlation coefficients of calibration curves.
Statistical analysis
The multivariate analysis was applied for data association. Differences in the average metal concentrations observed between subsamples were tested by the Tukey's test. The principal components analysis (PCA) was performed to assess the correspondences among the different components (metals) of products of aronia. A cluster analysis (CA) was applied to the element concentrations and samples analyzed using Ward's method, with Euclidian distances as the criterion for forming clusters of samples. All statistical analyses involving the experimental data were performed using Statistica 8.0 (StartSoft, Tusla, Oklahoma, USA). A probability level of P < 0.05 was considered statistically significant [16] .
Results and discussion
After digestion, 26 elements were determined in thirteen samples of products of aronia using ICP-AES. The mean concentrations of elements, expressed as mg kg −1 , are shown in table II. All elements can be divided into following groups: 1) Macro-elements (K, Ca, P, Mg and Na), 2) Essential trace elements (Zn, Fe, Se, Cu, Mo, Cr), 3) Trace elements that are probably essential (Mn, Si, Ni, B, V) and 4) toxic elements (Pb, Cd, Hg, As) [17] .
Potassium as major macro-element
Ca, P, Mg and K belong to the necessary macro-elements. They do not enter into the structure of the tissue, but are responsible for the control and regulation of metabolism and therefore, preserve the health of the organism. Minerals are the guardians of health without which the body cannot properly function. The major macro-element in the analyzed samples was K (table II) with average concentrations of 3,842 mg kg −1 in berries, 2,623 in leaves, 2,123 in juices and 1,477 in teas. The recommended daily intake of K range from 0.4 g for infants, 3.8 g for children aged 4−8 years and 4.7 g for adolescents, women and men [19] . Average Ca contents in the analyzed samples were 884 mg kg −1 in berries, 3,731 in leaves, 658 in juices and 807 in teas. The recommended daily Ca intake [18] for infants is 210 mg, for children aged 4-8 years is 800 mg, 1,300 mg for adolescents and for women and men, depending on the period, may vary from 1,000−1,200 mg.
Other major elements such as P, Mg and Na were present in samples with average concentrations of 598 mg kg −1 , 371 mg kg −1 and 14.6 mg kg −1 in berries, 1,514, 827, 18.2 in leaves, 597, 353 and 38.7 in juices, 361, 197 and 21.2 in teas, respectively. The recommended daily intakes of P, Mg and Na for infants are 100 mg, 30 mg and 0.12 mg, for children aged 4−8 years 500, 130 and 1.2, for adolescents are 1,250, 400 and 1.5, for man and women 700, 400 and 1.5, respectively [19] . The content of macro-elements in the studied juice samples were higher compared to the values presented in literature for berry juices [20] . Also, compared to the other commercially available berry juices, investigated chokeberry juices could be considered as a good source of macro-elements. 
Presence of numerous micro-elements besides iron
Micro-elements play important biological roles as an integral part of enzymes or proteine strucutres. Metallo-proteins are involved in electron transport, oxygen storage, redox processes, and metal transport. Also, some of trace elements have an important role in biochemical processes.
The major micro-element found in the analyzed samples was Fe (table II) with mean concentration of 11.8 mg kg −1 in berries, 21.8 mg kg −1 in leaves, 14.7 mg kg −1 in juices and 35.8 mg kg −1 in bagged teas, followed by Mn (11.7, 6.44, 6.42, 17.4 mg kg −1 , resp.), Zn (6.25, 11.64, 2.50, 4.67 mg kg −1 , resp.), Cu (1.47, 3.93, 2.15, 2.42 mg kg −1 , resp.) and Se (0.25, 0.51, 0.88, 0.44 mg kg −1 , resp.). Ozcan and Haciseferogullari [21] found Fe, Cu and Zn contents of strawberry fruit of 12.15, 1.65 and 8.09 mg kg −1 , respectively. In other study, Radwan and Salama [22] found Cu and Zn of 2.17 and 7.49 mg kg −1 in strawberry. According to Bagdatlioglu and Nergiz, [23] concentration ranges of Fe, Cu and Zn in strawberry were 2.20−8.95, 0.28−1.13 and 0.80−1.67, respectively and in cherry 1.73-5.92, 0.84−0.90 and 0.97−1.66 mg kg −1 , respectively.
The content of toxic metals is one of the parameters which is necessary to assess in order to examine food safety. Cd, Pb, Hg, As and Sb are physiologically useless, unnecessary and toxic [24] . For this group of elements the expression "heavy metals" is often used although it also comprises essential heavy metals such as Fe, Cu, Zn, Co, Mn and Mo, whose deficiency or excess in the diet may lead to adverse health effects. Heavy metals as pollutants in the working and living environment are a serious health and ecological problem because they are toxic, not biodegradable and have a long half-life in soil [25, 26] . Concentrations of As, Pb, Sb and Cd in all analyzed samples were in the range of 0.20−0.98, ND-0.205, ND−0.66 and 0.016−0.064 mg kg −1 , respectively. The regulation of the content of toxic metals in most foods is regulated by the European Union Directive [27] .
Concentrations of As and Cd in all analyzed samples were measured below the maximum permissible limits in foods; which are 1 mg kg −1 and 0.3 mg kg −1 for As and Cd, respectively [27, 28] . The maximum Pb level permitted for fruit and small fruit are 0.10 and 0.20 mg kg −1 , respectively [27] . The concentration of As, Cd and Pb in the analyzed samples was below the maximum permissible limit. The accuracy of the developed procedure for metal determination was verified using certified values. The agreement between experimental and certified values was good. The recovery values were in the range of 89-106%, which indicates that the whole procedure could be considered suitable for metal determinations in analyzed samples.
Since the analyzed products of aronia have been widely consumed in daily diet worldwide, it is important to evaluate whether or not there is a relationship among the element contents in different products of aronia. Correlation analysis of total element contents in samples of aronia products showed moderate to strong correlations in seven groups of elements (table III) : Group 1 -Ca, K, Mg, P, Zn, V; Group 2 -Fe, Cu, Mo; Group 3 -Cr, Al; Group 4 -Mn, Sr, Ba, Al; Group 5 -Si, Sr, Ba; Group 6 -Li, Ni, B; Group 7 -As, Cd, Sn. Accordingly, relationships between each element are complex and rather difficult to explain individually.
Chemometric techniques for correlation analyses
Further elucidation may be obtained using more powerful chemometric techniques such as principal component analysis (PCA) and cluster analysis (CA). In particular, PCA is a very powerful data reduction technique that aims to identify a small number of factors that explain most of the variance observed in a much larger number of variables [29] . Through PCA, when the 25 variables (element contents) were used to classify samples of aronia products, a new data matrix accounting for 42.63% of the total variance was generated, where PC1 explained 24.92% of the variance in the data set and PC2 explained 17.71%. All the elements were consequently well represented by these two principal components. Ba, Ca, Sr, Mg, V, Si, B, K, Cd, P, Li, Zn and Sn displayed high values in the first component (PC1), while factor loadings for Mn (0.336), As (0.333), Se (0.329), Cu (0.288), Co (0.278), Ni (0.216) Pb (0.215), Na (0.202) and Al (0.176), were not as higher as the loadings of the other elements of the group. This may therefore imply a quasi-independent behavior within the group. The second component (PC2) was dominated by Mo, Fe, Sb and Cr.
Behavior of variables on the PC1 and PC2 is shown in figure 1 . A positive score means that the concentration of variables increases along the PC axes; a negative score means that the concentration of variables decreases along the axis and a score near 0 means that the concentration is poorly related to the PC axis. The direction of the variable arrows indicates the direction in which the concentration of the corresponding species increases most, and the length of the arrows equals the rate of change in that direction. The first component saturated Ca, Si, Mg, V, B, P, Li, K, Si, Zn, Ni, Cu, Sr, Ba (negatively correlated with the component) and Cd, Sn, Se, As (positively correlated with component). The second component saturated Al, Mo, Co, Mn, Cr, Pb, Na, Fe, Sb (positively correlated with the second component). used for similarity measurement and the Ward's method as amalgamation rule. Two well-separated clusters appeared in the corresponding dendogram ( figure 3) . The first cluster consisted of tea bag samples (T1-T6), and the second included berries (B1, B2), juices (J1-J4) and leaves (L).
Conclusion
Results obtained in this study enable us to gain some knowledge about element contents in commercially available products of aronia, as a part of the diet in disease prevention and health promotion. The analyzed products are a potentially rich source of some dietary metals such are K, Ca, P, Mg, Na, Fe and Zn. A widespread consumption of aronia and their products available in the world may be a major source of dietary essential elements for many people. With respect to toxic metals in dietary and safety standards, all our analyzed samples were found to be safe for human consumption.
Chemometric approach was used in order to determine the relationship among the element contents in aronia products, and then to classify samples. From the chemometric evaluation of element concentrations, the first group contains tea bag samples and the second group contains the berry, juice and leaf samples.
